Abstract. An economic analysis was performed using a model developed in
INTRODUCTION
Sand has been used for bedding dairy freestalls since the inception of the freestall. Producer testimony and scientific research alike have substantiated the benefits of sand bedding for cows. Sand is low in opportunistic pathogen loading, readily drains moisture and leaked milk (enhanced if sand with minimal fines is used), is labor efficient to add and maintain in stalls, and is readily available in many parts of the country. From the cows' perspective, it is comfortable to lie on, provides uniform body frame support during both lying as well as reclining and rising maneuvers, is cool in the summer, is non-abrasive when piled in the stalls to a depth of 6 to 8 inches, and offers comfortable, confident footing.
Sand has traditionally had one major negative issue against near universal acceptance: when combined with dairy manure, it can cause manure handling challenges that some producers are not willing to face. Historically, these challenges were mostly a result of improper system design or management, and/or the lack of properly designed dairy waste handling equipment, all of which rightfully created much pessimism. The major disadvantages historically included:
• increased load and wear on equipment used to clean barn alleys • accelerated wear on equipment used to mechanically transport manure to storage or for field applications • clogged pipes and channels • inability to completely agitate and pump-out sand-laden dairy manure storage structures • unsuccessful sand-manure separation attempts • increased compaction of crop-producing fields due to heavy axle loads However, more recently with the development of commercially available equipment designed to handle and process sand-laden dairy manure (SLDM), many producers are incorporating sand bedding into their new dairy facilities and retrofitting it into existing facilities alike.
The objective of this paper is to provide economic information for a systems approach to processing SLDM that is removed by hydraulic flushing from a freestall barn and is subsequently processed with a series of commercially available equipment, including equipment that is specifically designed to remove sand from dairy manure. Some of the values for independent and dependent variables in such a system were taken from a farm that has been employing a similar system in Northwest Iowa since September 2000.
Determining if the annual economic costs associated with an investment along with the operational costs associated with the system is becoming more crucial. Longterm dairy profit margins continue to tighten, making poor investment decisions one of the primary reasons why some dairy producers struggle financially.
In performing the analysis the annual economic costs associated with the capital investment along with the annual operating costs associated with the system are calculated for different herd sizes. This type of analysis is most commonly utilized when determining the financial feasibility of an investment and reflects the system's economic costs to the business on an annual basis.
Manure handling system variables analyzed for this analysis included initial capital, operation, maintenance and repair, and labor costs.
LITERATURE REVIEW
Little economic information is available relative to the complete systems cost of processing dairy manure and wastewater. However, with decreasing profit margins in today's dairy business climate, it is imperative that the true cost of system operation be fully understood prior to making capital investments in equipment. Gooch et al., (2002) performed an economic analysis of an integrated sand-manure separation system that employed mechanical separation of sand-laden dairy manure using a spreadsheet developed in Excel. The analysis showed that the savings in procurement of new bedding sand does offset the cost of the treatment system in many scenarios with the payoff trend being towards farms with more cows and higher sand procurement cost. No additional benefits of using sand, from a cow's perspective, were included in the analysis.
BACKGROUND
Waste Treatment System Overview The waste handling system analyzed represents a viable option that a medium to larger dairy producer could consider utilizing if sand is used for freestall bedding. A schematic overview of this system is shown in Figure 1 . The system consists of flush cleaning SLDM from the barn alleys and processing this material with a series of appropriate equipment specifically used to perform targeted tasks. The processing sequence includes, in sequential order: 1) sand-manure separation (SMS) to remove bedding sand from manure, 2) liquid-manure separation (LMS) targeted to remove organic solids from the SMS liquid stream effluent, sedimentation to remove residual sand and a portion of the remaining organic matter from the liquid stream that passed through the SMS and LMS, and 3) anaerobic/facultative treatment of liquids a) to provide long-term storage to comply with confined animal feeding operations (CAFO) requirements, b) as a means to reduce odors, and c) to provide a source of dilution water for SMS.
Outflow of materials from system components includes reclaimed sand for use in stall beds, de-watered settled solids spread on crop land, separated manure solids for composting, field spreading or sale, and facultative wastewater for field application. De-watered solids and separated manure solids can be field applied with a conventional box spreader or "V" body spreader. Liquids can be applied by liquid tankers (top spread or injected), surface irrigated, or drag hose injected. Removal of sand and many of the manure solids allows liquids to be pumped far distances in appropriately sized pipes.
Equipment Overview
There is a noticeable distinction between manure equipment and sand handling equipment. Manure equipment is usually constructed from mild steel whereas sand equipment is comprised of abrasion resistant iron and steel alloys. Manure equipment relies on close tolerances and high speeds whereas sand equipment uses larger tolerances that prevent sand grains from grinding between metal surfaces and operates at comparatively relatively slower operating speeds.
A line of commercially available mining-duty sand processing equipment was reconfigured to process SLDM and several on-farm installations have taken place since 1996. Field observation results from these installations reveal that sandmanure separators and inclined feed augers used to deliver SLDM to the SMS will withstand the abrasive nature of SLDM for many years without the need for replacement. Further information relative to the performance and capabilities of this equipment can be obtained by reviewing Wedel and Bickert, 1998. Sand-manure separators are currently offered in three (3) size configurations with increased daily throughput as size increases. For this analysis, a 20" x 22' SMS is used and is supplied SLDM by two (2) 11" x 22' inclined augers. Also needed for flushed SLDM processing is a vertical lifting auger located adjacent to the inclined augers. The function of the vertical lifting auger is to preclude the bridging of sand over the inlet of the inclined augers. The throughput for this intermediate range equipment is 1.25 cow's worth of manure combined with bedding sand per minute per day (i.e. one (1) SMS processes the SLDM from 600 cows in 8 hours of operation per day).
The other equipment used in the analysis consists of readily available, agriculturalduty manure pumping and liquid-solids separation equipment. Favorable durability of this equipment is contingent on utilization of an SMS to initially remove a high percentage of bedding sand prior to further processing and pipeline transport to longterm storage.
ECONOMIC ANALYSIS Overview
The economic analysis presented herein is based on all system component costs associated with processing SLDM, including mechanical sand-manure separation, from the point where the SLDM enters the reception pit for the SMS up to and including the long-term storage structure. Costs associated with filling stall beds with sand, flushing SLDM to the SMS reception pit, and field-applying processed waste are not included in the analysis. These limits of analysis were established based on the broadness of methods to bed stalls, flush clean barn alleys, and apply processed manure to agricultural fields. Values for variables that represent these pre-and posttreatment costs can be determined on a per farm basis and added to the information presented here to develop a complete system cost specific for a particular farm.
In Figure 1 , the major items of the overall system are identified by component with 15 components being defined. A list of each component along with its economic cost determination can be found in Appendix A.
Analysis
Handling dairy manure on almost all farms is considered a cost of doing business. Only in few isolated cases does a dairy producer generate a net positive income when analyzing their waste handling system costs. This generally occurs with an onfarm treatment system that generates a quality manure compost material in an urban location that will bear a seller-favorable market price. Some dairy operations may benefit by reducing their annual cost per cow for bedding material by processing the manure to remove solids and then using it as a bedding material. This can include organic solids and reclaimed sand bedding. The authors discourage the practice of using raw, untreated manure solids as freestall bedding material due to documented utter health concerns. Until now, the cost benefit impact for incorporating SMS into the overall waste handling systems for flushed SLDM has not been formally established.
The procedure followed was to first determine the required sand mass needed annually for bedding freestalls. Next, based on separation efficiency of an SMS, the annual sand bedding mass that can be reclaimed from manure and reused as bedding was determined. Complete manure treatment system costs were calculated, within the limits previously stated, to determine the annual cost for the system. Annual cost for the system was then compared to cost savings from reduced sand procurement in order to determine the cost benefit impacts. Each step of this procedure is described in detail below.
Annual Bedding Costs
The overall cost benefit received by the producer is a function of many variables including the price paid to procure bedding sand to the farm. The annual cost to bed stalls, assuming one cow per stall, as a function of sand cost and the number of cows (number of stalls) is shown in 
Annual Mass of Sand Reclaimed
Many benefits are the direct result of removing sand from manure as a primary manure processing technique by mechanical SMS. They include significantly reduced mechanical wear on downstream pumps and manure hauling and spreading equipment, less load-induced wear on hauling equipment, more flexibility in performing secondary processing techniques (i.e. methane digestion), less concern with clogged transport pipes, reduced soil compaction from loaded spreaders, and the ability to use reclaimed sand as a quality bedding material.
Use of reclaimed sand as a bedding material has the most tangible cost benefit, as the cost savings in procurement of sand can easily be calculated based on reclamation efficiency of an SMS. The separation efficiency of an SMS has been tested to be 80 percent for mason sand (ASTM C-144) and 90 percent for concrete sand (ASTM C-33) (Wedel and Bickert, 1998) . These separation efficiencies are used to determine the annual cost savings in sand procurement based on sand procurement cost as shown in Table 2a (for mason sand) and Table 2b (for concrete sand). The tables clearly indicate that a large mass of sand on an annual basis can be reused for bedding material. Since one (1) 20" x 22' SMS can process flushed SLDM generated from up to 1,800 lactating Holstein dairy cows, farms with more cows serviced per separator have a larger annual sand bedding cost savings, which increase as sand procurement costs rise.
Annual Treatment System Cost
Treatment system costs include capital cost to purchase and install facilities and equipment; costs to operate, maintain, and repair facilities and equipment; and labor costs associated with the system. Components of a system are generally grouped together that have common life of service, and similar preventative maintenance and repair schedules when performing an economic analysis. For this manure treatment system, few similarities existed between equipment relative to cost and service life so several components were identified and analyzed accordingly. As previously stated, the 15 components analyzed specifically for this system are listed in Appendix A along with pertinent data and information needed for the analysis.
A spreadsheet was developed using Microsoft ® Excel to perform the economic analysis for the system. Each component defined was analyzed individually to determine its annual cost. The sum of the annual costs for each component was totaled to determine the annual costs for the complete system. The results of one treatment component in the analysis spreadsheet are shown in Appendix B for the scenario of 500 cows serviced with an average daily electrical cost of $0.1 per kW-hr. The line items in Appendix B that have a thin-lined box encompassing a number represent a variable entered by the user. The heavy-lined box at the bottom represents the total annual cost for that component while the larger, doubled-lined box at the top represents the total annual cost for all components (the other 14 components are not shown). The remaining line items that are not boxed in represent empirically calculated values from the input variable values.
Depreciation and interest on investment are utilized to expense the capital investment over time and comprises the fixed costs. Depreciation is calculated utilizing straight-line depreciation with a user determined salvage value (10 percent of initial cost was used in the analysis for most items). The annual depreciation expense represents the annual charge over the life of the asset for the capital investment including installation costs. Interest on investment represents the opportunity cost associated with investing capital into the SMS system versus using the money elsewhere and is calculated by multiplying the average investment level over the useful life by the opportunity cost of five percent. Five percent represents a long-term real rate of interest earned in other investment options.
Operating costs represent the costs associated with running, maintaining, and managing the SMS system. Electricity costs, repair costs, and labor costs for the system are estimated and placed on an annual basis. Table 3 summarizes output from the developed spreadsheet based on changing the average number of cows serviced daily on an annual basis and the average daily electrical cost.
The total annual fixed and operating costs for the SMS system represent the economic costs incurred by the farm by choosing this system. These costs are not just cash costs, as depreciation and interest on investment are not cash costs. This number also does not represent the debt service requirement per year if the system was fully financed. For decision-making and comparing different options, first look at the total economic costs associated with a particular system. 
Cost-Benefit Impacts
As the herd size increased, the operating costs associated with the system also increased, but the fixed costs change very little, leading to a higher total annual cost but a lower total annual cost per cow. Tables 4a and 4b list the net annual costs of the SMS system after reflecting the benefit of using reclaimed sand for bedding. For the smaller herd sizes and the lower sand procurement costs, the sand procurement savings do not offset the annual cost of the overall treatment system (represented by positive table values). For the larger farms and the higher sand costs, the reclaimed sand savings offsets the cost of the overall treatment system and lowers the overall cost of sand procurement for the farm (represented by negative table values).
A complete economic analysis of all the potential impacts of choosing the described treatment system is complex and difficult to fully quantify. While an analysis of the fixed and operating costs associated with the analyzed system can be quantified and the amount of sand reclaimed can be determined, other benefits associated with using sand as a bedding material and sand separators to reduce or eliminate historical SLDM handling problems were not quantified. Areas associated with using sand as bedding, removing sand from manure before handling with traditional manure equipment, soil compaction, and other potential decreases or increases in business expenses all can impact the total costs and benefits. These areas are dependent on individual farm management decisions. Depending on these issues, the costs associated with employing this treatment system may be enhanced or reduced. Individual producers need to consider all these issues when analyzing investment options. SUMMARY An integrated manure treatment system, including mechanical sand-manure separation, was economically evaluated with a developed spreadsheet model. The resulting economic costs developed can be used to provide a basis for analyzing decisions associated with sand-laden dairy manure treatment. Based on anecdotal experience and research driven data, the potential exists, from an economic perspective (based on limiting the benefits of SMS to reclaiming sand re-bedding of stalls), for this treatment system to be utilized on dairy farms. For larger farms that can more fully utilize the system or farms that have high sand procurement costs, the benefits of the system would even be greater and may actually reduce the sand bedding expense for the farm. Individual farms should start with this system's approach and take into account their particular circumstances in determining if a SMS investment should be made.
CONCLUSIONS
• A complete economic analysis of all the potential impacts of choosing the described treatment system is complex and difficult to fully quantify. While an analysis of the fixed and operating costs associated with the analyzed system can be quantified and the amount of sand reclaimed can be determined, other benefits associated with using sand as a bedding material and sand separators to reduce or eliminate historical SLDM handling problems were not quantified.
• For the smaller herd sizes and the lower sand procurement costs, the sand procurement savings do not offset the annual cost of the overall treatment system.
• Due to full utilization of separator capacity, for the larger farms and the middle to higher sand costs, the reclaimed sand savings offsets the cost of the overall treatment system and lowers the overall cost of sand procurement for the farm.
• The developed spreadsheet economic analysis model can be used to evaluate variations of this manure treatment system (e.g., obtaining SMS dilution water from other, less costly means) for comparison purposes. It can also be adapted to analyze different manure handling methods. Labor (converted to an annual value) = 8 hrs. for wear shoe replacement every 7 years, 1 hr for motor replace every 7years, 2 hrs. for replacement of main gear box every 10 years, and 10 minutes a month for lubrication Labor (converted to an annual value) = 4 hours to replace motor every 7 years and 10 minutes a month for general service. 
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